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ABSTRACT 
 
The main purpose of this study is to determine the nutritive and 
industrial value of baobab fruit pulp mechanically extracted using a 
especial machine for this purpose made in Sudan. 
First, the chemical analysis for these samples were carried out to 
determine the nutritive value of the extracted pulp through the presence 
of the important nutrients and their amounts. The results of the study 
showed that the amounts of Vitamin C found were more than that in 
other foods as it was 355.7 mg/100g compared with 80 mg/100g in 
Orange juice (Egan, et al., 1981). Also the important minerals were 
found in reasonable amounts for example Calcium 0.39%, Potassium 
0.82%, Sodium 0.0032%, and Magnesium 0.19%. The important 
nutrient, Carbohydrate, found in a high percentage amount to 78.42%. It 
is known that Carbohydrate are the first source of energy for humans. As 
(Mohamed and Khattab, 1997) mentioned, the Carbohydrates represents 
90% of energy source in under developed countries. The other nutrients 
are found in following percentages: protein 3.4%, fat 4.1%, ash 5.6%. 
To determine the industrial value of Tabaldi fruits; the study has 
confirmed the possibility of the production of a natural drink out of 
Tabaldi only sugar should be added to the natural extract. 
This local drink can compete with imported drinks. The panel test 
confirmed the good quality and the palatability of this drink. The study 
suggested the production of a concentrate out of natural Tabaldi juice, 
this will be the base for the beverage industry .To produce a concentrated 
"Tabaldi juice", water was evaporated using thermal energy. It was 
observed that as the thermal process proceeds, the negative effect of the 
juice quality became more evident.     
The study considered the amount of ascorbic acid in the 
concentrated juice during heating as an evidence for quality degradation 
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with the increase of heating time. The amount of ascorbic acid increased 
at the beginning of concentration from 271 mg/100g when juice 
concentration was 8% (Brix) to 561.05 ml/100g when the juice 
concentrate was 15% (Brix), then the amount of ascorbic acid decreased 
to 476.77 ml/100g when juice concentration was 17% (Brix) as a result 
of prolonged heating and the reduction of water.  
One of the most important findings of this study is the possibility 
of the production of natural jam only from Tabaldi fruit pulp, sugar and 
pectin without the addition of any other ingredients like colour and 
flavour or organic acids. The sensory evaluation and chemical analysis 
of jam proved the good quality of this product, which can be regarded as 
a good addition to the types of jams already known in the Sudan.  
The pH value is one of the important factors which can influence 
jam making. The natural value of pH in the concentrate was 3.15, that is 
why the addition of organic acid to lower the pH was not needed. The 
results of the statistical analysis of the pH values of different 
concentrated juices showed no significant difference between value 
measured at different concentrations. The value of reduced and of invert 
sugars were within the permitted range. According to this study, the 
desired concentration of 68% (Brix) can be achieved in two ways: firstly 
by increasing the amount of added pectin from 10 g/1000 ml Tabaldi 
juice to 12 g/1000 ml Tabaldi juice. Secondly by increasing the Tabaldi 
concentration from 11% (Brix) to 14 (Brix) without changing the amount 
of pectin.  
According to the present study Tabaldi jam can also be processed 
without the addition of pectin depending on the amount of pectin found 
naturally in the pulp of Tabaldi fruit which is about 56%. Nevertheless, 
this type of jam is of inferior quality but it can be mad jells where in the 
rural areas, where the industrial pectin not always available.          
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 ﺑﺴﻢ اﷲ اﻟﺮﺣﻤﻦ اﻟﺮﺣﻴﻢ
 
 اﻷﻃﺮوﺣﺔﻼﺻﺔ ﺧ
 
ف ﻋﻠѧﻲ اﻟﻘﻴﻤѧﺔ اﻟﻐﺬاﺋﻴѧﺔ واﻟﺼѧﻨﺎﻋﻴﺔ ﻟﻠѧﺐ ﺛﻤѧﺎر أﺟﺮﻱﺖ هѧﺬﻩ اﻟﺪراﺱѧﺔ ﺑﻐѧﺮض اﻟﺘﻌѧﺮ 
أﺟﺮﻱѧѧﺖ أوًﻻ . اﻟﺘﺒﻠѧѧﺪي واﻟﻤﺴﺘﺨﻠﺼѧѧﺔ ﻡﻴﻜﺎﻥﻴﻜﻴѧѧًﺎ ﺑﻮاﺱѧѧﻄﺔ ﺁﻟѧѧﺔ ﺧﺎﺹѧѧﺔ ﺹѧѧﻨﻌﺖ ﻓѧѧﻲ اﻟﺴѧѧﻮدان 
اﻟﺘﺤﺎﻟﻴﻞ اﻟﻜﻴﻤﻴﺎﺋﻴѧﺔ ﻟﻬѧﺬﻩ اﻟﻌﻴﻨѧﺔ ﻟﻤﻌﺮﻓѧﺔ اﻟﻘﻴﻤѧﺔ اﻟﻐﺬاﺋﻴѧﺔ ﻡѧﻦ ﺧѧﻼل وﺟѧﻮد اﻟﻌﻨﺎﺹѧﺮ اﻟﻐﺬاﺋﻴѧﺔ 
ﺛﻤѧѧﺎر اﻟﺘﺒﻠѧѧﺪي ﻋﻠѧѧﻲ ﺑﻘﻴѧѧﺔ ﺣﻴѧѧﺚ أﺛﺒﺘѧѧﺖ اﻟﺪراﺱѧѧﺔ ﺕﻔѧѧﻮق ﻟѧѧﺐ . اﻟﻬﺎﻡѧѧﺔ وآﻤﻴﺎﺕﻬѧѧﺎ داﺧѧѧﻞ اﻟﻌﻴﻨѧѧﺔ 
/  ﻡﻠﻤﺠѧﺮام 7.553ﺣﻴѧﺚ ﺱѧﺠﻠﺖ اﻟﺪراﺱѧﺔ ( ج)اﻟﻌﻨﺎﺹѧﺮ اﻟﻐﺬاﺋﻴѧﺔ ﻓѧﻲ ﻡﺤﺘѧﻮاﻩ ﻡѧﻦ ﻓﻴﺘѧﺎﻡﻴﻦ 
 ,.la te ,nagE)ﺟѧﻢ 001/ﻡﻠﺠѧﺮام08ﺟѧﻢ ﻡﻘﺎرﻥѧﺔ ﺑﻌﺼѧﻴﺮ اﻟﺒﺮﺕﻘѧﺎل واﻟѧﺬي ﺱѧﺠﻞ 001
آﺬﻟﻚ أﺛﺒﺘﺖ اﻟﺪراﺱﺔ وﺟﻮد اﻟﻌﻨﺎﺹﺮ اﻟﻤﻌﺪﻥﻴﺔ وﺧﺎﺹﺔ اﻟﻤﻬﻤﺔ ﻡﻨﻬﺎ ﻡﺜﻞ اﻟﻜﺎﻟﺴѧﻴﻮم (. 1891
آﺬﻟﻚ وﺟﻮد % 91.0واﻟﻤﺎﻏﻨﺰﻱﻮم % 2300.0واﻟﺼﻮدﻱﻮم % 28.0ﺕﺎﺱﻴﻮم واﻟﺒﻮ% 93.0
وﻡﻌﻠѧѧѧѧﻮم ﺑѧѧѧѧﺄن % 24.87اﻟﻌﻨﺼѧѧѧѧﺮ اﻟﻐѧѧѧѧﺬاﺋﻲ اﻟﻤﻬѧѧѧѧﻢ وهѧѧѧѧﻮ اﻟﻜﺎرﺑﻮهﻴѧѧѧѧﺪرات ﺑﻨﺴѧѧѧѧﺒﺔ ﺕﺒﻠѧѧѧѧﻎ 
ﻡﺤﻤѧѧﺪ )وذآѧѧﺮ . اﻟﻜﺎرﺑﻮهﻴѧѧﺪرات هѧѧﻲ اﻟﻤﺼѧѧﺪر اﻷول آﻮﻗѧѧﻮد ﻟﻠﻄﺎﻗѧѧﺔ داﺧѧѧﻞ ﺟﺴѧѧﻢ اﻹﻥﺴѧѧﺎن 
ﻲ اﻟѧﺪول اﻟﻨﺎﻡﻴѧﺔ، ﻡѧﻦ ﻡﺼѧﺎدر اﻟﻄﺎﻗѧﺔ ﻓѧ % 09ﺑﺄن اﻟﻜﺎرﺑﻮهﻴﺪرات ﺕﻤﺜﻞ ( 7991وﺧﻄﺎب، 
 %.6.5واﻟﺮﻡﺎد % 1.4واﻟﺪهﻮن % 4.3آﺬﻟﻚ أﺛﺒﺘﺖ اﻟﺪراﺱﺔ وﺟﻮد اﻟﺒﺮوﺕﻴﻦ 
وﻟﺘﺤﺪﻱﺪ اﻟﻘﻴﻤѧﺔ اﻟﺘﺼѧﻨﻴﻌﻴﺔ ﻟﻠѧﺐ ﺛﻤѧﺎر اﻟﺘﺒﻠѧﺪي أﺛﺒﺘѧﺖ اﻟﺪراﺱѧﺔ إﻡﻜﺎﻥﻴѧﺔ إﻥﺘѧﺎج ﺷѧﺮاب 
ﻃﺒﻴﻌѧﻲ ﻡѧѧﻦ اﻟﺘﺒﻠѧѧﺪي ﻡﻀѧѧﺎف إﻟﻴѧѧﻪ اﻟﺴѧѧﻜﺮ ﻓﻘѧѧﻂ، هѧѧﺬا اﻟﻤﺸѧѧﺮوب ﻱﻌﺘﺒѧﺮ ﻡﻨѧѧﺎﻓﺲ ﻟﻠﻤﺸѧѧﺮوﺑﺎت 
. ﺖ اﻟﺘﺤﻠﻴѧﻞ اﻟﺤﺴѧﻲ ﺟѧﻮدة هѧﺬا اﻟﻤﻨѧﺘﺞ وﺕﻘﺒѧﻞ اﻟﻤﺴѧﺘﻬﻠﻚ ﻟѧﻪاﻟﻤﺴѧﺘﻮردة ﻡѧﻦ اﻟﺨѧﺎرج وﻗѧﺪ أﺛﺒѧ
آﺬﻟﻚ إﻗﺘﺮﺣﺖ اﻟﺪراﺱѧﺔ إﻥﺘѧﺎج ﻡﺮآѧﺰ ﻡѧﻦ اﻟﺘﺒﻠѧﺪي واﻟѧﺬي ﻱﻤﺜѧﻞ أﺱѧﺎس ﺹѧﻨﺎﻋﺔ اﻟﻤﺸѧﺮوﺑﺎت 
اﻟﻐﺎزﻱﺔ، ﻹﻥﺘﺎج ﻋﺼﻴﺮ ﻡﺮآѧﺰ ﻡѧﻦ اﻟﺘﺒﻠѧﺪي ﺕѧﻢ ﺕﺒﺨﻴѧﺮ اﻟﻤѧﺎء ﻋѧﻦ ﻃﺮﻱѧﻖ اﻟﻤﻌﺎﻡﻠѧﺔ اﻟﺤﺮارﻱѧﺔ 
 . ﻟﺴﻠﺒﻲ ﻟﺠﻮدة اﻟﻌﺼﻴﺮ ﻓﻲ اﻟﻈﻬﻮرﺰﻱﺎدة ﻓﺘﺮة اﻟﻤﻌﺎﻡﻠﺔ اﻟﺤﺮارﻱﺔ ﺑﺪأ اﻟﺘﺄﺛﻴﺮ اﺑوﻟﻮﺣﻆ أﻥﻪ 
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إﻋﺘﻤﺪت اﻟﺪراﺱﺔ ﻋﻠﻲ ﺕﺤﺪﻱﺪ آﻤﻴﺔ ﺣﺎﻡﺾ اﻹﺱﻜﻮرﺑﻴﻚ ﻓﻲ اﻟﻌﺼﻴﺮ اﻟﻤﺮآѧﺰ ﺧѧﻼل 
ﻓﺘﺮة اﻟﺘﺴѧﺨﻴﻦ آﻤﺆﺷѧﺮ ﻋﻠѧﻲ ﺕѧﺪﻥﻲ اﻟﺠѧﻮدة ﻟﺰﻱѧﺎدة ﻓﺘѧﺮة اﻟﺘﺴѧﺨﻴﻦ، ﻓﻘѧﺪ زادت آﻤﻴѧﺔ ﺣѧﺎﻡﺾ 
( xirB% )8ﺟѧﻢ ﻋﻨѧﺪ ﺕﺮآﻴѧﺰ 001/ ﻡﻠﺠѧﻢ 172اﻹﺱﻜﻮرﺑﻴﻚ ﻓѧﻲ ﺑﺪاﻱѧﺔ ﺕﺮآﻴѧﺰ اﻟﻌﺼѧﻴﺮ ﻡѧﻦ 
ﺛѧѧѧﻢ ﻥﻘﺼѧѧѧﺖ آﻤﻴѧѧѧﺔ ﺣѧѧѧﺎﻡﺾ ( xirB% )51ﺟѧѧѧﻢ ﻋﻨѧѧѧﺪ ﺕﺮآﻴѧѧѧﺰ 001/ﻡﻠﺠѧѧѧﻢ 50.165إﻟѧѧѧﻲ 
ﻥﺘﻴﺠѧﺔ ﻟﺰﻱѧﺎدة ﻓﺘѧﺮة ( xirB% )71ﺟѧﻢ ﻋﻨѧﺪ ﺕﺮآﻴѧﺰ 001/ ﻡﻠﺠѧﻢ77.674اﻹﺱѧﻜﻮرﺑﻴﻚ إﻟѧﻲ 
 .اﻟﺘﻌﺮض ﻟﻠﺤﺮارة وﻥﻘﺺ اﻟﻤﺎء
ﻡﻦ أهﻢ اﻟﻨﺘﺎﺋﺞ اﻟﺘﻲ ﺕﻮﺹﻠﺖ إﻟﻴﻬﺎ هﺬﻩ اﻟﺪراﺱﺔ هﻮ إﻡﻜﺎﻥﻴﺔ إﻥﺘﺎج ﻡﺮﺑﻲ ﻃﺒﻴﻌﻴѧﺔ ﻡѧﻦ 
 ﻓﻘﻂ دون إﺽﺎﻓﺔ أي ﻡﺤﺴﻨﺎت أو ﻡﻮاد ﻡﻠﻮﻥﺔ أو أﺣﻤѧﺎض ﻟﺐ ﺛﻤﺎر اﻟﺘﺒﻠﺪي واﻟﺴﻜﺮ واﻟﺒﻜﺘﻴﻦ 
ﻋﻀﻮﻱﺔ ﺣﻴﺚ أﺛﺒﺖ اﻟﺘﺤﻠﻴﻞ اﻟﺤﺴﻲ واﻟﻜﻴﻤﻴﺎﺋﻲ ﺟﻮدة هﺬا اﻟﻤﻨﺘﺞ واﻟﺬي ﻱﻌﺘﺒﺮ إﺽﺎﻓﺔ ﺣﻘﻴﻘﻴﺔ 
 . ﻷﻥﻮاع اﻟﻤﺮﺑﻲ اﻟﻤﺼﻨﻌﺔ ﺑﺎﻟﺴﻮدان
 ﻡѧﻦ اﻟﻤﺆﺷѧﺮات اﻟﻤﻬﻤѧﺔ ﻓѧﻲ ﺹѧﻨﺎﻋﺔ اﻟﻤﺮﺑѧﻲ واﻟѧﺬي آѧﺎن ﻋﻨѧﺪ اﻟﻘﻴﻤѧﺔ Hpﻱﻌﺘﺒѧﺮ ال
 وذﻟѧﻚ ﻃﺒﻴﻌﻴѧًﺎ ﺑѧﺪون إﺽѧﺎﻓﺔ أﺣﻤѧﺎض ﻟﻠﻤﺮآѧﺰ، وﻗѧﺪ أﺛﺒѧﺖ  ﻓﻲ ﺑﻌѧﺾ اﻟﺘﺮاآﻴѧﺰ 51.3اﻟﻤﺜﻠﻲ 
 اﻟﻤﺨﺘﻠﻔѧﺔ ﻟﻬѧﺬﻩ اﻟﺘﺮاآﻴѧﺰ، وآѧﺬﻟﻚ Hpاﻟﺘﺤﻠﻴﻞ اﻹﺣﺼﺎﺋﻲ ﻋﺪم وﺟﻮد ﻓﺮق ﻡﻌﻨﻮي ﺑﻴﻦ ﻗﻴﻢ اﻟ ـ
 .آﺎﻥﺖ ﻗﻴﻢ اﻟﺴﻜﺮﻱﺎت اﻟﻤﺨﺘﺰﻟﺔ أو اﻟﻤﺘﺤﻮﻟﺔ داﺧﻞ اﻟﻤﺪي اﻟﻤﺴﻤﻮح ﺑﻪ
ﻟﻴѧﻪ ﻱﻤﻜѧﻦ اﻟﻮﺹѧﻮل إ ( xirB% )86وﻗﺪ أﺛﺒﺘﺖ هﺬﻩ اﻟﺪراﺱﺔ ﺑﺄن اﻟﺘﺮآﻴﺰ اﻟﻤﻄﻠѧﻮب 
 ﻡѧﻞ ﻋﺼѧѧﻴﺮ 0001ﺟѧﻢ ﺑﻜﺘѧﻴﻦ ﻟﻜѧﻞ 01زﻱѧﺎدة آﻤﻴѧѧﺔ اﻟﺒﻜﺘѧﻴﻦ اﻟﻤﻀѧѧﺎف ﻡѧﻦ : ﺑﻄѧﺮﻱﻘﺘﻴﻦ أوًﻻ
ﻋﺼѧﻴﺮ اﻟﺘﺒﻠѧﺪي ﺕﺮآﻴѧﺰ ﺰﻱѧﺎدة ﺑﺛﺎﻥﻴѧًﺎ .  ﻡѧﻞ ﻋﺼѧﻴﺮ ﺕﺒﻠѧﺪي 001 ﺟﻢ ﺑﻜﺘﻴﻦ ﻟﻜﻞ 21ﺕﺒﻠﺪي إﻟﻲ 
 .ﻡﻊ ﺕﺜﺒﻴﺖ آﻤﻴﺔ اﻟﺒﻜﺘﻴﻦ( xirB% )41إﻟﻲ ( xirB% )11ﻡﻦ 
ﻓﺔ ﺑﻜﺘѧﻴﻦ واﻹﻋﺘﻤѧﺎد ﻋﻠѧﻲ آﺬﻟﻚ أﺛﺒﺘﺖ هѧﺬﻩ اﻟﺪراﺱѧﺔ إﻡﻜﺎﻥﻴѧﺔ إﻥﺘѧﺎج ﻡﺮﺑѧﻲ دون إﺽѧﺎ 
وإﻥﺘﺎج ﻡﺮﺑﻲ أﻗѧﻞ ﺟѧﻮدة ﻓѧﻲ اﻟﻘѧﻮام % 65اﻟﺒﻜﺘﻴﻦ اﻟﻄﺒﻴﻌﻲ ﻓﻲ ﻟﺐ ﺛﻤﺎر اﻟﺘﺒﻠﺪي واﻟﺬي ﻱﺒﻠﻎ 
ﻹﻥﺘﺎج ﻡﺮﺑﻲ  ﺹﻨﺎﻋﻲ ﻔﻴﺔ واﻟﻨﺎﺋﻴﺔ ﻋﻦ اﻟﺤﻀﺮ واﻟﺘﻲ ﻱﺼﻌﺐ ﻓﻴﻬﺎ وﺟﻮد ﺑﻜﺘﻴﻦﻱﻟﻠﻤﻨﺎﻃﻖ اﻟﺮ
 .    ﺕﺴﺎﻋﺪ ﻓﻲ اﻟﻮﺟﺒﺎت اﻟﺴﺮﻱﻌﺔ
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CHAPTER ONE 
INTRODUCTION AND LITERATURE REVIEW  
1.1. Introduction: 
 Adansonia digitata, the baobab, is a well known tree "The habitat 
of this tree is the hot, dryer regions of tropical Africa and it extends from 
Northern Transvaal and Namibia to Ethiopia, Sudan and Southern 
Fringes of Sahara" (Abdelmuti, 1991).  
 The tree is mostly found leafless throughout the season, 
expressing the longer pendular fruits in the branches, that is why it is 
called Africa's "upside down tree".  
 In Sudan, the local name is "Tabeldi tree" and a number of other 
names are given such as "Mother of trees", "Gonglase" and "Elhamaraia". 
The baobab is one of the biggest and oldest living creatures attributed 
with supernatural powers and spirits, for this, we found a lot of names in 
Africa like, "Vegetative elephant", "Prehistoric plant monument" and 
"Abode of the god". Many people in Africa express deep religious 
veneration, for this outstanding tree is believed to recur its strength from 
heaven.   
 The multiple use model of this tree has further insured its special 
place in African culture. Only few other trees approach its significance. 
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It often serves as a preferred place for markets, meeting and preserving 
water for the time of drought (Kheiri, 1996).  
 "Several varieties of the genus Adansonia exist in Madascar and in 
Australia" (Van May Doll, 1990). In Sudan till now we have not enough 
information about the varieties of Adansonia. "A study on the vital 
statistics of the baobab tree population in Zambia, Sudan, Mali, Kenya, 
and Tanzania showed that the population appear to be much younger 
than has generally been believed and only very few trees live to age in 
excess of 400 years.  
 Mortality rate vary from 1.1-3.2 per year in the different areas 
(Wilson, 1968). In Sudan this rate might increase for many reasons such 
as, the use of the trees in preserving water and the biggest sizes of the 
trees exposed them  to the danger.  
 It is noted that young trees are rarely found one reason for this is 
the intensive browsing of young plant by livestock and the excessive use 
of leaf for food by people. The maximum attainable age is presumed to 
be between 100 and 300 years (Ramesh, 1992). 
1.1.1. Objectives of this study: 
a. To investigate the industrial value of baobab pulp. 
b. To identify to the nutritional value of baobab pulp. 
c. To study the effect of processing on the baobab pulp. 
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1.1.2. Importance of baobab pulp: 
a. In the rural areas, especially in western Sudan, people depend 
on baobab pulp in treatment of some diseases and as a 
beverage. 
b. As famine food in Sudan.  
c. In urban areas some people prefer baobab pulp drink. 
d. To day, Sudan is in the phase of industrizing its raw products,  
hence, this kind of research is used to develop the indigenous 
market demand for natural products such as fruit juices and 
jams from baobab pulp. 
1.2. Baobab:  
 Baobab tree has been described by Andrews (1956) as a large tree, 
often of great girth, bark whitish, sometimes purplish, shining. There are 
variations for the leaf size and shape (Wickens, 1987).  
 Leaf digitately 5-foliolate, long-petiolate leaflets subsessile, 
oblanceolate to obovate, acutely acuminate at the apex, entire or 
denticulate, up to 10.5 cm long and 4.4 cm broad, stellate pubescent or 
nearly glabrous beneath.  
The flowers as, (Dalzeil, 1948) reported are white, large, 
pendulous on long stalks. Calyx deeply 5- lobed, very hirsute tomentose 
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on both surfaces. Petals setose outside, the flowering season is between 
June and September. Fruits ripen from October to January.  
Fruits are capsules, ellipsoid, ovoid or globar 20-30 cm long and 
up to 10 cm in diameter, which is covered on the outside with greenish – 
brown felted hair. This shell contains numerous hard, brownish seeds 
rounded or avoid, up to 15 mm long, which are embedded in a 
yellowish-white, floury acidic pulp. The brown seeds are arranged in 
rows in two to eight locules per fruit. The seeds are attached to fibrous 
stands from the wall of the fruit (Nour et al., 1980).  
1.2.1. Distribution of baobab tree in Sudan:  
 The tree found in central Sudan in the places with rain-fall 600-
100 mm, in sandy soil, in mountain and by khors in short grass savanna. 
It forms a belt in central Sudan, Kordofan, Darfur, Blue Nile, Upper Nile 
and Bahr Elgazal. But the good one is found in Southern Kordofan 
(Kheiri, 1996).  
1.2.2. Uses:  
1.2.2.1. In traditional medicine:  
 In traditional medicines, a study on the anti-infectious 
phytotherapies of the Adansonia digitata in Senegal (West Africa) 
related the traditional (medicinal) uses of the tree with the presence of 
pharmacologically active substance (Grand Ale, 1989).  
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 In the Sahel (Africa) some people call the tree "Mother of the 
Sahel" more than thirty different uses of the tree are known. The fruit is 
used for the management of malaria, febrifuge, small pox, measless, 
dysentery, wound disinfection, eye lotion and general fatigue of children.  
 The seed is used as anti-dote, and for dental disorders. The leaves 
are used for treatment of Coughs insect bites, as a prophylactic against 
fever divertic, kidney and bladder diseases, gastroentitis, uccers, 
inflammation, colics and diaphoretic. The root is used for treatment of 
malaria and smooth skin for babies (Vanmaydell, 1990).  
 The drinking of an aqueous extract of the bark of A. digitata is 
used in Nigerian traditional medicine as a treatment for sickle cell 
anaemia  (Adesanya, 1988).  
 In Sudan especially western Sudan people depend on A. digitata 
for treatment of dysentery, diarrhoea, gastroentitis and colics.  
 Seeds are used for treatment of kidney inflammation by putting 
the seeds in boiling water till the colour becomes brown and drinking it 
for many days". 
The smoke from burning the shell can help in treatment of 
Rheumatism and the ash can be used as a wound disinfectant. Also, the 
smoke arising from burning the fruit pulp may be used as insect  
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repellent  specially that which  cause malaria and dysentery with the 
smoke from burning the fruit pulp 
For management of diarrhoea in children:  
A previous study (Kheirri, 1996) was made in Khartoum 
University, the study was carried out to evaluate the efficiency and 
acceptability of home available baobab solution for management of 
diarrhoea in children and prevention of dehydration. Baobab solution 
was compared to the standard ORS and was assessed for 
recommendation as a home made solution for management of children 
with diarrhoea to the National Diarrhoeal Disease Control Programs, 
Sudan, Since baobab. (A dansonia digitata) fruit pulp is accepted in 
traditional medicine for treatment of diarrhea and desentery. 
The solutions which were used in trail : 
Solution A: 
80 g pulp + 40 g sugar + 1 liter water 
Solution B: 
 80 g pulp + 40 g sugar + 3.5 Nacl + 1 liter water  
Solution C: 
80 g pulp + oral Rehydration solution + 1 liter water  
Solution D: 
WHO rehydration solution 
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It was found that the recovery rate after 24 hours of management 
of the studied children fed with the different home made rehydration 
solutions was as follows: 59% of group A, 20% of group B, 20% of 
group C and 5% of group D . 
The cumulative recovery rate of solution A after 48 hours of 
management was 100%, solution B 77% and solution C 84% while the 
control solution D, was only 24%. 
Although the World Health Organization (WHO) ORT formula 
has proved to be effective and safe in the treatment of millions of cases 
throughout the world, it provides very few calories (8 K cal/100 ml) at a 
time when increased energy source are badly needed. 
The calculated available energy of the studied Rehydration baobab 
solutions A and B were 2.25 times the energy available from the control 
solution. Solution C available energy  was 1.3 times the energy available 
from the control solution.(Kheiri .1996 ) 
1.2.2.2. Nutritional uses:  
 Many uses of baobab as a food has been reported for example 
roots were reported to be cooked and eaten in west Africa in times of 
famine  (Wickens, 1980) and a usage of the young leaves as a vegetable 
in soups has been reported by FAO (1988) "The green leaves, when 
mixed with Aradieb pulp, were served as a full meal, and the dried 
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leaves were used as waika, because of their mucileyenous properties 
(Abdelmuti, 1991).              
 Young leaves give a tasty spinach. Young dried leaves were 
pulverized and used as a thickening ingredient in many dishes. Baobab 
leaves contain an interesting level of vitamin A (Sidible,1992) It has 
been estimated that several thousands of tones of fresh and dried leaves 
were consumed annually in the Sahel. The leaves are a favourate forage 
especially at the beginning of rainy season (Kheiri, 1996). In Western 
Sudan leaves were mixed with bean to make a Salad called "Afos". 
 The white powder surrounding the seed (pulp) can be eaten raw 
together with milk and porridge or milk alone (palmer and pitman 1972). 
The pulp is served as a refreshing drink or can be made into light 
porridge or nesha. A porridge is also prepared by mixing the acid pulp 
with milk. 
Pulp commonly chewed, sucked  unriped fruits are  boiled and are 
eaten as  a salad." Younger sprouts and the root of young plants are used 
as famine food (Sahni -1968) – (Thirakul – 1984). 
The composition of the dry fruit pulp was reported by (Okoho 
1984) as 2% protein, 7% ash, 0.2% fat, 9% fiber and 81% carbohydrates. 
It has also been reported by FAO (1988) that baobab is a good source of 
calcium and vitamin C. 
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The ascorbic acid content of the baobab fruit pulp is 337 mg/100 
g, it is a rich source of vitamin C. The baobab fruit pulp contained 
appreciable amounts of calcium (670ppm) . (kheiri,1996) . 
Baobab fruit pulp is a rich source of calcium (Prentice 1993). In 
Sudan, the chemical Composition of the fruit pulp was as follows: (Main 
+ S.D dry basis) Total soluble solids 79.3 + 1.2,  alcohol insoluble solids 
57.3 + 2.4, total sugars 23.2 + 0.2 ,reduce sugar 18.9 + 0.5, total pectin 
56.2 + 0.9, protein 2.6 + 0.3, fat 0.2 + 0.01, crude fiber 5.7 + 0.2, ash 5.3 
+ 0.02,  ascorbic acid 300 + 6.2 (mg/100g) moisture 6.7 + 0.03 pH 3.3 + 
0.04. (Nour et al., 1980 ) 
Results obtained showed that baobab is a rich source of potassium 
(450/ppm). A study on the treatment of diarrhea suggested a local source 
of high potassium food to encourage their use during both home 
rehydration and convalescence (Rohde 1981).  
A study on the effect of processing methods on the chemical 
composition of baobab pulp and seed in Nigeria revealed that a 6 days 
fermentation appears to be the most promising method for producing 
nutritious food from baobab compared with roasting as judged by crude 
protein, moisture and minerals (Obizoba 1993). 
In a small production unit in Burkina Faso, two women produce 
monthly 500 bags of 500g misola flour from millet 50% soy 30% and 
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ground nuts 10% with sugar, salt and dried baobab leaves or yeast. The 
flour is used specifically to feed under weight children (Laurent 1986). 
In Tanzania a study displayed a number of products derived from 
Adansonia digitata. 
(A study examined the calcium intakes of rural Gambian Women 
during pregnancy discovered baobab fruit as unusual source of calcium) 
(Prentice, 1993) . Similar  results  were  reported  in  Nigeria (Eromosele 
et al., 1991). In Malawi the fruit pulp was found to have the highest 
ascorbic acid content out of twenty two wild fruit species (179mg/100g) 
(Saka, 1992). In Nigeria the fruit is used as sweetener for many local 
foods and as curding agent for milk and ascorbic acid was found (337 
mg/100g) (Eromosel, 1991). 
 The seed kernels are edible and the seeds contain 19% oil 
(Magbool and Mustafa, 1979). The fresh seeds, when are dried and 
ground, were used to flavour soups or roasted to provide substitute for 
coffee according to Wickens (1980).  
 The young branches are used for fodder and the bark is used for 
ropes making (Mohamed Al-Amin, 1990). The spongy and very soft 
wood has limited uses, in cases of extreme water scarcity it is chewed by 
man and animals (Kheiri, 1996).  
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 The baobab capsule pulp is reported to have a high content of 
vitamin C. One source reported that the content of vitamin C in baobab 
fruits is 1690 mg/kg, compared with 1060 mg/kg for fresh hot pepper 
(Agbessi Dos-Santos, 1986) this level is nutritionally interesting, so ( 
Sidible et al, 1996) were determined range of vitamin C in the capsule of 
Malian baobab. They have different regions, villages and bark colour, 
the results showed that the range is between 1505 mg/kg to 466 mg/kg, 
also this study revealed a highly significant difference between individual 
trees for vitamin C content. But there were no significant differences in 
vitamin C content either between regions or between type of trees.  
 Although baobab pulp was reported to have no starch (Green, 
1932) that was confirmed by (Nour, 1980) but the presence of, glucose, 
glacturonic acid, rhamnose, galactose, arabinose and xylose (Francis, 
1975) revealed the carbohydrate content. The baobab pulp also contains 
Cu (15ppm), Cr (297ppm), Ti (865ppm), Mn (67ppm), Ni (55ppm) and 
Se (10ppm) (Tierneg, 1993). Additional trace elements are provided to 
patients receiving long term parented nutrition (Tierney, 1993). 
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1.3. Vitamin C 
Due to the high concentration of vitamin C in baobab pulp it is 
worth mentioning some information's about this vitamin. 
1.3.1. Origin and function:  
 The only important fact known about the origin of this vitamin is 
that it is produced during the germination of seeds (Stationary office, 
1932) As regards its function in the plant or the nature of its precursor in 
the seed nothing has so far been ascertained its high concentration in 
such different parts of the plant as the leaves (Cabbage), the fruit 
(lemons) and the root (Swedes) renders it difficult to draw any definite 
conclusion either as to its function or origin.    
1.3.2. Extraction from tissues:  
 Dilute solutions of oxalic or metaphosphoric acid are used for 
extraction of the vitamin from plant tissues, metaphosphoric acid 
solution is the reagent of choice for extracting animal tissues, because of 
its protein precipitating property. These extractants are good 
preservatives of ascorbic acid. Pounting (1943) studied the ability of 13 
acids to preserve ascorbic acid in solution. He found oxalic and 
metaphosphoric acid to be far superior to other acids, and their 
preservative capacity to be about equal. The preservative effect of oxalic 
and metaphosphoric acids is due to their capacity to prevent catalysis of 
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the oxidation of ascorbic acid by Cu2+ or Fe3+ ions, metaphosphoric acid, 
first proposed as an extractant by Fujita and Iwataka (1935), is the more 
widely applicable reagent because of its ability to precipitate proteins.  
1.3.3. Daily recommendation:  
 The daily recommended intake for healthy, non smoking adults is 
65 mg. Smokers need more vitamin C than non smokers. While 65 mg a 
day is the minimum recommended intake, full saturation of the total pool 
of vitamin C in the body is about 140 mg per day. Convalescents 
recovering from infection diseases of nursing mothers benefit 
significantly from daily intake exceeding 250 mg (Sauberlich, 1994).  
 Using the average vitamin C content of baobab pulp–366.5 mg 
/100g we can obtain these recommended dose of vitamin C  from 18 g of 
baobab pulp, the daily saturation of the vitamin C pool in the body 
required 38 g of baobab pulp. The especial dosage for convalescent is 68 
g of baobab pulp.  
1.3.4. Nutrition and food technology: 
 Sauberlich (1994) summarized the state of the art of information 
on the nutritional and clinical uses of vitamin C, also known as ascorbic 
acid. It is a powerful antioxidant and extremely important in human 
nutrition. Vitamin C have been shown to be related to low blood 
pressure, enhanced immunity against many tropical maladies, lower 
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incidence of cataract development and lower incidence of coronary 
diseases.  
 Because of its many beneficial effects, it has become a major 
nutritional supplement. In addition to its many natural sources, several 
thousand tonnes of the vitamin are produced synthetically each year for 
use as a nutritional supplement. It is known that vitamin C can be 
adversely affected by moisture during storage and by heat during food 
preservation.  
 Fortunately, the current traditional storage and food preparation of 
baobab powder in west Africa are very favourable to the preservation of 
the vitamin. 
1.4. Jams and jellies 
 These are made by boiling fruit or fruit pulp with sugar and water 
until the mixture sets to a jelly on cooling. "jellies" are distinguished 
from jams by the absence of insoluble solids (except in jelly marmalade). 
1.4.1. Preliminary treatment: 
 The preliminary treatment of the fruit varies according to variety: 
strawberries need to have their plugs removed, currants require 
"strigging"; apricots and plums are usually stoned, plums being, in many 
cases, passed through a coarse sieve, after cooking, to remove some of 
the skin and tissue as well as the stone. 
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 Black currents and red current. A satisfactory method of dealing 
with these fruits is to pick when just ripe, when they are sufficiently firm 
travel well and without undue loss of juice. The current are normally 
frozen in well ventilated trays holdings about 20-28 Ib of fruit. When the 
fruit is required for use the stalks are removed from the frozen berries by 
machine. By this method the loss of fruit and juice is reduced compared 
with the handling of fresh fruit direct from the farm(Herschdoerfer, 
1972).   
1.4.2. Processing of jam: 
 Concentration processing of the fruit – sugar – water mixture is 
usually carried out in open, steam – heated copper or aluminum pans. 
Boiling is continued until a temperature up to about 223˚F is reached, the 
exact degree depends on the type of fruit, proportion of sugar required, 
etc.  
 The boiling temperature varies with the atmospheric pressure, and 
this must be allowed for since a difference in finishing treatment of 1˚F 
corresponds to a difference of 3-4 Ib of water per 1 cwt of jam or about 
2% in the concentration of soluble solids. The boiling time should not 
exceed 10-15 minutes (actual boiling), otherwise the gelling properties 
of the pectin in the fruit may be impaired.  
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 The temperature quoted correspond with a soluble solids 
concentration of 70-72% in the jelly portion of the jam. A further 
complication in jam boiling lies in the fact that an appreciable part of the 
sucrose is converted to invert sugar by the fruit acid and, since the 
elevation of the boiling-point of a solution is proportional to the 
molecular concentration of the solute it follows that the boiling-point of 
a jam increase more rapidly while invert sugar or inversion proceeds 
than would be due to the more increase in the proportion of total soluble 
solids. The percentage of the total soluble solids in the finished jam is 
estimated by refractometer and when the boiling finished the surface is 
skimmed to remove coagulate material and the jam cooled to 85-90˚C 
and filled into jars (Batesmith and Morris, 1952).  
1.4.3. The characteristics of preservation in jam:                             
 Jams and jellies are preserved by their sugar content which is 
enough to prevent the growth of microorganisms this owing to the high 
osmotic pressure of its solution in high concentration, except for mould 
growth on the surface. Access of moulds to home made jams and jellies 
is prevented by paraffin seal or canning jarlid. The commercial products 
are usually protected by vacuum cops and may be prevented after the 
container are filled. 
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 Jams contain all or most of the insoluble solids of the fruit because 
whole crushed, macerated or pureed fruit is used in their manufacture. 
 Jellies are clear substances since they are made of fruit juice or a 
water extract of fruit. Technically jams and preserves are identical, but in 
practice the term preserves is sometimes reserved for products 
continuing the whole fruit, especially if the pieces are large. 
 The food and drug administration requires that all jams and jellies 
(sold interstate commerce be made from real fruit and sugar).  
 Which has been concentrated by heat until the soluble solids of 
jams be not less than 65-68 percent depending on the type of fruit, the 
concentration read by a refractometer.  
 Pectin and certain acids may be added to compensate for any 
deficiency in the fruit.  
These provisions protected the consumer by insuring that the 
product is made from real fruit, which can be fresh, frozen or canned that 
an adequate amount of fruit is used and that the product is sufficiently 
concentrated. Combinations of fruits can be used if they corrected each 
other deficiencies.(Griswold,1962). 
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1.4.4. The Ingredients of Jam and Jelly 
1.4.4.1. Pectin: 
 The substance in fruit responsible for gelling is pectin. Purified 
pectin was first made from apple pomace and later from the white inner 
skin (albedo) of citrus fruit. Both apple and citrus pectin are sold in retail 
packages and for commercial use. Citrus pectin is now more abundant 
than apple pectin because of the increased production of canned and 
frozen citrus juices and concentrates has made citrus peels readily 
available for this use. Apple pectin make a more elastic jelly than citrus 
pectin with a high molecular weight and a relatively high proportion of 
methyl ester groups have the best jelly–forming ability. The pectin of 
fruits vary in quality. The quality of pectin is indicated by its ability to 
carry sugar when made into jelly and is expressed commercially by 
grade. Jelly grade is the proportion of sugar that one part of pectin is 
capable of turning under prescribed conditions into jelly with suitable 
characteristics, if, for example 1 pound of pectin will carry 150 pounds 
of sugar to make a standard jelly, it is a 150 grade pectin. This grade of 
dry pectin is which in use commercially (Griswold, 1962). The two most 
important factors controlling the setting are the soluble solids 
concentration and pH. 
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 The presence of pectin substances in the cell wall and between the 
cells, holding them together. Probably these substances are present in all 
plant tissues, although sometimes the quantity is so small that they are 
detected with difficulty. The amount is especially large in succulent, soft 
tissues and during rapid growth.  
1.4.4.1. The pectin substances are:  
• Pectic Acid: is the most simple pectin substance. It is soluble 
in water and contain abundance of carboxyl (-COOH) groups. 
What make it acidic and capable of salt formation, the 
molecule is a poly uronide, that means a poly saccharide made 
up of uronic acid molecules. It is composed of galactouronic 
acid units combined by α-glycosed linkage. 
• Pectin Acid: are similar to pectic acid except that some of the 
carboxyl groups are esterified with methyl groups. Like pectic 
acid, they are capable of reacting with metallic ions from salts. 
The term pectin designates those pectinic acids that are 
capable of forming jelly with sugar and acid.  
• Protopectin: it is a large molecule from which pectin is formed 
by hydrolysis. It is present in the cell wall but is probably not 
associated with cellulose as some workers have believed. In 
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contrast to the other pectic substances, it is insoluble in water 
(Griswold, 1962).      
1.4.4.1.2. Uses of pectin in the food industry 
 Pectins are able to form stable solid gels which are used in food 
industry. These gels are divided into two groups, those with rather high 
sugar content and gels with low sugar content. For the first, high 
methoxyl pectins are mostly applied in low sugar gels (Doesburg, 1965).  
 A number of products in which pectin is used are reviewed by 
Lookwood, (1972). The major use of high methoxyl pectin is in the 
manufacture of jams, jellies and marmalades where the substances 
required for gellation are sugar and acid. These pectins must be of the 
rapid set in order to prevent flouting or settling of the hot jams into 
containers. Slow set pectin is used in the confectionary industry where 
pectin jellies are made into many forms including jellied fruits, chocolate 
centers and fruits slices. 
 Pectin is also used in bakery products in which jams are filled into 
torts and biscuits. Low methoxyl pectins are used in many products 
including diabetic jams. It is also used for thickening syrups for ice 
making. A major use of low methoxyl pectin is in the field of milk 
deserts. Gelation occurs in the presence of low methoxyl pectin and the 
neutral calcium in the milk (Mohamed, 1999).  
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1.4.4.1.3. Raw materials for pectin production: 
 In the technologically advanced countries of the world, the most 
important sources of pectin are citrus waste (lime, orange and grapefruit) 
and apple. Other secondary sources for pectin production (Doesburg, 
1965) include sisale, flax and sun flower heads. Damodoran and 
Rangaschari (1945) found other sources of commercial pectin, these 
include guava, pumpkin, country pears and melons.   
 In Pakistan, the sepals of roselle (Hibiscus sabdriffa) were 
reported as a source of pectin (Riaz, 1967) A number of tropical plants 
yielding pectin were demonstrated in the Philippines by Scharpensal 
(1957) such as wild figs, pawpaw, banana, sweet potato, guava, papaya 
and eggplant. 
 In coffee bean processing, the skin with some adhering mucilage 
is removed in the pulping machines and discarded and this material 
contains 8-12% extractable pectin (Francis, 1970). Sunflower head after 
removal of seeds have been found to contain 17-23% pectin (Francis and 
Bell, 1975). 
• Monosaccharide in the pectin.  
 As for the presence of monosaccharides in pectic substances 
McCready and Gee (1960) found galactose, rhamnose, arabinose, and 
xylose in purified pectic substances from various sources. Boothby 
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(1980) studied some pectic components in plum fruits and found 
galactose, arabinose and galacturonic acid.  
 Barbeir and Thibault (1982) found rhamnose, fucose, ribose, 
arabinose, xylose, 2-Deoxy-glucose, mannose, galactose and glucose in 
cherry fruits. Acids hydrolysis of pectic substances of pump king fruit 
gives a hydrouronic acid, arabinose, galactose and rhamnose (El-Shafie, 
1981).  
 The non-galacturonic materials constitute one-third of the weight 
of pectin materials. The characteristics properties of pectin gelation, film 
formation, and high viscosity in dilute solution are derived from the poly 
galacturonide chain and non-galacturonide materials act as diluent (Hills 
and Speiser, 1946).  
 These non-galacturonide materials are covalently bound as branch 
chain expect rhamnose which is believed to be interrupting the main poly 
galacturonic chain as weak interceptions. The etherification of some 
hydroxyl groups by acetic acid have been confirmed by some workers as 
reviewed by Nelson (1926).  
1.4.4.2. Sugar:  
 The amount of sugar used in a jam or jelly depends on the amount 
and quality of the pectin used. When the sugar content of a mixture is 
increased or the pectin content decreased, a weaker jelly will result. If 
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too little sugar is added, the effect is the same as for an excess of pectin, 
and the jelly will be tough (Griswold, 1962).  
1.4.4.3. Acid: 
 It was recognized early by (Tarr, 1923) that the amount of acid 
necessary not on total but on active acidity or pH (Apparently the acid 
acts by suppression of the dissociation of the carboxyl group of pectin, 
thus, increasing the tendency of the molecules for association, and hence 
for gel formation "Kertesz, 1951"). Jelly formation is usually possible 
only below pH 3.5. As the pH is decreased below 3.5 the firmess of the 
jelly increases until an optimum pH, usually in the range of 2.6 to 3.4 is 
reached (Kertesze, 1951). At pH below the optimum syncretism or 
weeping occurs (Tarr, 1923). 
 The exact value of the optimum pH depends on the amounts of 
pectin and sugar and the presence of buffer salts (Acids are often added 
in making jams and jellies, those permitted are vinegar, lemon juice, 
lime juice, citric acid, lactic acid, malic acid and tartaric acid. The time 
of adding the acid is another variable. Acid that is present during boiling 
hydraulyzes some of the sugar to invert sugar which helps prevents 
crystilization of the sucrose as the jelly is stored. The presence of acid in 
the boiling jelly mixture may have the unfortunate effect of degrading 
the pectin by hydrolysis of some of its methyl groups.  
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 For this reason, commercial manufactures often add acid after the 
jam and jelly has cooked (Grisworld, 1962). If the pectin starts setting 
before the jam can be filled into the jars, as may happen below pH 3, 
accorded jelly results. This is avoided by raising the pH of the jam by 
adding sodium bicarbonate or trisodium citrate but not by extraboiling or 
by adding more pectin, as has sometimes been attempted (Morris, 1952).  
1.4.5. The troubles in making jam: 
 The source of trouble in jam making is crystallization, which can 
only be prevented at a concentration of 72% solids by having invert 
sugar or glucose present but, as invert sugar is formed naturally during 
the boiling there is normally no need to add either of these ingredients. 
With too little invert sugar in jam, sucrose is liable to crystallize out, 
while when too much invert sugar is present dextrose granulation can 
occur. The latter is the more common trouble and arises when the jam is 
boiling too long, practically that occur from very acid fruits such as plum 
or black current. Dextrose granulation take the form of honey like 
crystals in the body of jam, giving it a most unpleasing appearance. 
Sucrose granulation is less objectionable, usually appearing as a surface 
crystallization which can be easily prevented by adding invert syrup to 
the jam during boiling.  
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Dextrose granulation may be prevented by reducing the boiling 
time, or by raising the pH of jam.  
This, however, may produce other difficulties in connection with 
the setting or jellying of the jam.  
A save proportion of invert or reduce sugar to attain in the finished 
jam is 25-40%, as inversion will continue slowly in the jam during 
storage, even in the cold storage (Morris, 1952). 
1.4.6. Jam and jelly without added pectin: 
 If jam and jelly can be made without the addition of pectin, a fruit 
or a combination of fruits rich in pectin must be selected (Griswold, 
1962). 
1.4.7. Low ester pectins:  
 Some of the carboxyl groups of pectin are esterified with methyl 
groups and others are uncombined or combined with metals to form 
salts. Pectin in which all the carboxyl groups were methylated would 
contain 16.3% methoxyl, a degree of methylation that is theoretically 
possible but has not been attained. Pectin containing 8% methoxyl, have 
the highest grade and those with more or less methoxyl are of lower 
quality (Baker, 1934), but fruit jam and jelly can be made from pectins 
of widely differing methoxyl content if the molecular weight of the 
pectin is in the normal range.  
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Pectin can be demethalated by enzymes, acid, or alkali. If this 
process is continued until the pectin contains 2.5 to 4.5% methoxyl, a 
lower ester pectin of desirable properties is produced (Kertesz, 1951). 
The advantage of this pectin is that it will gel with little or no sugar if 
calcium or similar ion is present. Such ions caves ionic bonding by 
reaction of calcium ion with two carboxyl groups (Griswold, 1962).  
1.4.8. Defects occurring in stored products:  
 Jams, being hermitically sealed products, should be stored under 
the normal conditions for food storage i.e. cool, clean and dry. The jars 
are generally packed in open-topped cartons with dividers, or shrink-
wrapped.  
 If shrink – wrapped it is advisable to store them in a dark place to 
avoid the possibility of color fading. During the period of storage, 
defects may become apparent in the products as a result of incorrect 
manufacturing produces. Faults most likely to occur are spoiling and 
crystallization. 
 Spoilage may arise from insufficient processing, inadequate 
sealing, or contamination during cooling. The heat processing should be 
sufficient to destroy all spoilage organisms, but since the boiling of jam 
is generally at a temperature of around 212˚F and the filling at about 
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185˚F the jam must be cooled before filling, over-cooling must be 
avoided because of the possibility of infection by spoilage organisms.                     
Similarly, if the jars are not properly sealed, there is the possibility that 
spoilage organisms may enter from the atomsphere. The most likely 
forms of spoilage to be encountered are those arising from yeasts and 
mould contamination. Low solid content and a large head space are 
favorable to mould growth in the air spaces, and a little acetic acid is 
sometimes incorporate in an attempt to prevent this. For long-term 
storage, jams rely on hermetic sealing for their preservative effect, and 
for shorter periods, when opened, they rely upon the low pH and high 
solid concentration to prevent spoilage. A suitable means of determining 
whether spoilage is likely to occur on storage is to incubate samples 
from across section of each days production for a period of 7 days at 
25˚C. The problem of crystallization on storage may occur as a result of 
an incorrect ratio of sucrose to invert sugar, either excessive or 
insufficient boiling or incorrect pH.                                 
During the manufacture of jams and jellies some of the sucrose 
employed is inverted by the acids to form reduce sugars, or invert sugar. 
The finished product should not be super saturated with respect to either 
of these sugars as an excess will lead to crystallization. The pH of the 
preserve is very important in this respect since it controls the rate of 
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inversion. As previously mentioned, the inversion process continues 
slowly after cooling and during storage, and in time, after lengthy 
storage, crystallization of invert sugar is likely to occur.  
1.5. Concentration by evaporation: 
 Water is the predominant ingredient in most food materials and 
exceeds 85% in milk and in fruit and vegetable juices. This water content 
can frequently be advantageously reduced, to lower container, storage 
and shipping costs, or to achieve other desirable results in food 
processing.  
1.5.1. Evaporation:  
 Large quantities of fruit and vegetable juices are concentrated by 
thermal evaporation. Evaporation is a reliable and economical method of 
concentration which is applied widely in the food and the process 
industries. The design of evaporators is based on the principle of heat 
transfer and on practical experience from the operation of pilot plant 
units and industrial installations. Evaporation is a physical separation 
process in which heat and mass transfer take place simultaneously. The 
evaporation rate is controlled mainly by heat transfer and all the efforts 
to improve directed towards accelerating the heat transfer rate.  
 The quality of fruit juice may be damaged by high temperatures, 
as a result of undesirable chemical reactions affecting the flavour or the 
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colour of the product. The deterioration of quality is a time-temperature 
process and, in this respect, evaporator may be considered as chemical 
reactors in which operating temperature and residence time are the most 
important parameters (Meffert, 1964).  
 Short residence time and low temperature are necessary for heat-
sensitive products like orange juice. These conditions are met in single-
pass evaporators, such as falling or rising film and agitated film types. 
Some products are relatively heat stable (e.g. tomato and grape juice) 
and they can stand relatively high temperature and residence time. These 
conditions prevail, for example, in forced circulation evaporators (Moore 
and Pinkel, 1968).  
1.5.2. Solar evaporation: 
 Most liquid foods are concentrated by heating with steam. One 
exception is "Solar evaporation" of salt brines which has been practiced 
since early history. Today over 1.000.000 tons of salt are produced each 
year in southern San Francisco ray by essentially the same methods 
practiced by the California Indians, using more than 40.000 acres of 
lagoons exposed to sun and wind to evaporate 37.000.000 tons of water a 
year from sea water. 
 Evaporators are frequently evaluated in terms of pounds of water 
evaporated per hour from each squire foot of heating surface. The 
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average evaporation rate in the system desirable above one-tenth of an 
ounce of water per hour per square foot of lagoon. Such a leisurely rate 
does not meet the need of processing principle foods where large 
quantities of water must be quickly boiled and evaporation rates of 125 
Ibs. per hr. per sq.ft are common (Joslyn and Heid, 1964).                                                  
1.5.3. Evaporators:      
High capacity evaporative concentrators for liquid foods consist of 
heat exchangers to supply latent heat of evaporation, and vapor 
separators for removing the vapor from the residual liquid. Several types 
of heat exchangers may be used. In the direct type, a flame under a kettle 
supplies heat which is transferred by conduction through the kettle wall. 
Sugar maple sap is commonly concentrated at boiling temperature up to 
240˚ F. In mild steel open pans over an open fire.  
Still another type of direct fired atmospheric evaporator uses an 
inverted burner, supplied with gas and oxygen under pressure, 
submerged beneath the surface of the liquid, commonly rising in a 
conical receptacle and over flowing the edges. Such equipment may be 
selected for concentrating a liquid prone to deposit heat-retarding "scale" 
on heat exchange surface.  
At the other extreme, heat sensitive orange juice is concentrated in 
stainless steel at reduced pressure which permits rapid boiling at 
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temperature as low as 50˚F. Latent heat of evaporation is supplied by 
condensing water vapor, ammonia or other compressed refrigerate. 
Between the maple syrup "Boiler" and the juice evaporator, food 
processor may select a great variety of equipment suited to specific 
needs and products, balancing equipment and operating costs against 
quality factor and production rates. Evaporators use specialized heat-
exchangers designed for specific applications. They are usually indirect, 
involving a heat exchange medium which transfers latent sensible heat 
from the heating medium to the solution to be concentrated. 
In the concentration of solution by evaporation, the liquid to be 
concentrated continuously flows across a heat exchanges surface which 
separates it from the heating medium. The heating medium may range 
from high pressure steam at 365˚F-to ammonia vapor at 60˚F. The 
heating surface is usually a metal wall. "Thermo-siphon", or natural 
circulation, is circulation of the production resulting from reduction in 
the specific gravity of the solution on heating and from pressure 
generated by vapor evolved at the heat exchange surface. Natural 
circulation evaporators are usually inexpensive but are difficult to use for 
concentration of viscous solution such as 30% tomato paste. For such 
products, a circulating pump is used to insure high velocity across the 
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heating surface. Such systems are called "forced circulation" 
evaporation. (Joslyn and Head, 1964). 
1.5.4. The equipment and methods of concentration:  
• Open kettle. Simplest and natural circulation. They are big 
pots open to atmosphere. In one type, the heating steam is 
condensed in an exterior jacket covering the curved bottom 
and about halve a way up the cylindrical wall.                                         
• Shell-and Tube Heat exchanger: These are frequently found in 
processing plants as preheate before evaporation, or after-
heater for heating the product to filling temperatures              
• Flash Evaporation: Brown et al. (1951) described the 
advantages of heating of fluid foods rapidly by direct steam 
injection. In a pilot plant, temperatures up to 300˚ F could be 
obtained in a 0.5 sec. or less.      
• Falling-Film Evaporators: They are frequently used for the 
concentration of citrus juices. The dilute liquid is introduced to 
the chamber above the upper tube sheet and flows as a thin 
film down the inner surface of the tubes.  
• plate Type Evaporation: They are used for the concentration of 
orange juice, apple juice, grape juice, ice cream mix, milk, etc. 
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One of the disadvantages of this method of evaporation is the 
small amount of product in the system at any one time.   
• Thin-film, Centrifugal Evaporators: The liquid to be evaporated 
flows down the heated wall of a cylinder or truncate  cone. A 
thin film is mechanically induced by rapidly rotation vanes 
which both agitate and spread the film. Heat for evaporation is 
transferred through the jacketed cylinder wall. They are 
frequently used for pear pulp, peach and apricot. 
• Rising – Film Evaporation: The dilute liquid is fed into the 
chamber below the lower sheet and rises in the tube. As steam 
is admitted to the chest the liquid reaches the boiling point and 
they expand and push the liquid ahead with increasing velocity.  
1.5.5. Vapor Separation:              
Evaporation produces a mixture of vapors and concentrated liquid 
which must be separated rapidly and thoroughly. (Heid and Casten 1961) 
described factors influencing the design of vapor separation which are 
essentially cylinders and (cyclones) of appropriate design to effect the 
elimination of entrained liquid from the vapor. They may operate under 
pressure or vacuum. Separated vapors are frequently used as a heating 
medium for an additional effect in another evaporator                                                  
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1.5.6. Vacuum evaporation: 
 The rate of evaporation is directly related to the amount of heat 
which can be transferred from the heating medium (steam, hot water, 
ammonia vapor, etc…) to the liquid being evaporated. The rate of heat 
transfer is dependent, not on the temperature of the heating medium, but 
on the difference in temperature between the heating medium and the 
boiling liquid. If water with a boiling point of 212˚F at atmospheric 
pressure is heated in an open system jacketed kettle using steam at 
212˚F. as a heating medium there will be no difference in temperature, 
no heat transfer, no evaporation. To obtain temperature difference, the 
temperature of the heating medium must be elevated or the temperature 
of the boiling liquid must be lowered. In many cases it is advantageous 
to lower the boiling point of the liquid being evaporated. This can be 
done by converting the open kettle to a vacuum pan and boiling under 
reduced pressure which results in a lowered boiling point. Vacuum 
concentration has several advantages. It makes possible the low-
temperature concentration of heat-sensitive foods such as orange juice, it 
can increase the rate of evaporation by increasing the difference between 
the boiling temperature of product and the temperature of the heating 
medium. For more details to these equipment and methods look (Joslyn 
and Heid, 1964).  
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1.5.7. Rheological aspects of fruit juice evaporation:  
 The rheological properties (viscosity, viscometric constant) are 
very important in the evaporation of fruit juice, because they are related 
directly to the transfer of heat and to fooling of the evaporator surfaces.  
 In evaporation, heat transfer is controlled by the resistance of juice 
side, since the resistances of the heating medium (condensing steam) and 
the metal wall are relatively low. The heat transfer coefficient of the 
juice is a function primarily of its flow rate and it’s rheological 
properties. The various flow patterns in evaporators (tubular, film, 
agitate film) aim at increasing the heat transfer coefficient of the product  
(McAdam, 1954). Fouling in evaporators is caused by the formation of 
scale on the heated surfaces and it is a serious problem in the evaporation 
of some juices. Although the mechanism of fouling is quite complicated, 
the temperature of the heated surface and flow characteristics are 
considered as too important. 
 A detailed study of the rheological properties of fruit juice, 
concentrates and purees was under-taken, because only limited 
information is available in the literature (Saravacos, 1968, 1970),  
 The viscosity of all juices increases exponentially with high 
concentrations. The viscosity of the Newtonian juices decreases 
significantly at higher temperature. The effect of temperature is more 
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pronounced at the higher concentration of the juice. Temperature has a 
relatively smaller effect on the apparent viscosity of pseudoplastic juices, 
and concentrates show the least dependence on temperature (Sarawacos 
and Moyer, 1967 and Sarawacos, 1970).                                  
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CHAPTER TWO 
THE BAOBAB PULP ANALYSIS 
 
2.1. Physical analysis of baobab fruit: 
Table (1): Physical properties of baobab fruit. 
 Mean 
Length (cm) 
Width (cm) 
Weight (g) 
Weight of pulp per fruit (g) 
Weight of seeds per fruit (g) 
Number of seeds per fruit  
Width of wall of fruit (cm)                     
17.1 
08.0 
170 
30 
70 
165 
1 
 
2.2. Chemical analysis of baobab pulp:   
2.2.1. Materials and Methods 
2.2.1.1. Preparation of samples      
 A special machine was designed to separate, the pulp from seeds it 
works with a high rate of extraction. The samples were packed in a 
polyethylene bags for consumer use.                                                                                   
2.2.1.2. Methods: 
2.2.1.2.1. pH was measured using a pusl pH meter type–121.  
2.2.1.2.2. The following were determined according to (A.O.A.C., 1970).  
a. Moisture content, page 211 (14.004). 
b. Protein, page 16 (2.051);  
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c. Crude fiber, page 129 -131 (7.053-7.057).  
d. Ash, page 211 (14.006);   
2.2.1.2.3. Fat was assayed by extracting the sample for 8 hours with 
Hexane (boiling point ranges between 60–80) in a soxhlet Extractor 
(Khattab and Mohamed, 1996). 
2.2.1.2.4. Minerals   
 The ash solution was used for the determination of following 
minerals. Calcium and Magnesium according to Chapman and Pratt 
(1968); potassium and Sodium were determined according to the 
Standard Official Methods of Analysis (A.O.A.C)(1984), using Coring . 
EEL Flame Photometer. 
2.2.1.2.5. Ascorbic acid 
 Determination of ascorbic acid was done using 2-6- 
Dichlorophenol Indophenol reagent .This reagent is reduced by ascorbic 
acid to become colorless. 
 It is prepared as follows: 0.2 g of 2-6- Dichlorophenol Indophenol 
dye was dissolved in 200 ml distilled water, and then filtered through 
whatman filter paper (No. 2) into 500 ml Volumetric Flask and made up 
to volume by distilled water. 
 The dye was standardized as follows: 50 g of standard ascorbic 
acid was weighed and made up to volume–by distilled water in 250 
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volumetric flask ,and 5ml aliquot was diluted with 5ml oxalic acid 10 % 
and titrated with the dye solution to a pink end point. One kg of ascorbic 
acid is equivalent to one ml of  the dye used. Thus: strength of the dye = 
1/titre. 
Procedure: 
 Thirty grams of the sample were blended with about 100 ml of 
04% oxalic acid for two minutes in a blender. The blended mixture was 
made up to 500ml in volumetric flask with 04% oxalic acid and filtered. 
The ascorbic acid in the filtrate was titrated against standard 2-6 
Dichlorophenol Indophenol. According to the methods described by 
Ruck (1963).The ascorbic acid was calculated as follows: 
Ascorbic acid(mg/100g) = Factor
100 strength  dye  Titre ××
 
         Factor = sample of  volumeTotal
ion for titrat  volumeSample   wt.Sample ×
 
2.2.1.2.6. Total and reduce sugars:  
 They were determined according to Lane and Enon titrometric 
methods (A.O.A.C, 1984).  
 Twenty-five grammas of the pulps were filtered through a 
whatman filter paper (No. 4) and transferred to a 250 ml volumetric 
flask. 100 ml of distilled water were carefully added and then neutralized 
with 1.0 N  NaOH to a pH 7.5-8.0 .About 2ml of lead acetate were added 
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and the flask was then shacked ,and left to stand for  10 minutes. Then 2 
grames of sodium oxalate was added to remove the excess lead. Distilled 
water was again added to make the volume to mark (250ml). The 
solution then filtered and 50 ml of the filtrated were pipatted into a 250 
ml volumetric flask. 50g citric acid and 50 ml distilled water were added 
slowly to the new mixture. The contents of the flask were boiled gently 
for 10 minutes to invert the sucrose, and when cooled a few drops of 
phenolphthalein were added. In order to neutralize the mixture, a 20% 
NaOH solution was continuously added until the colour of the mixture 
disappeared, and the volume was made to mark before titration. 
 Standard method of Titration: Ten ml of a mixed solution of 
Fehling (A) and (B) were pipatted into a conical flask. A burette was 
filled with a clarified sugar solution and the whole volume required to 
reduce the fehlings solution was run so that 0.5-1.0 ml was still required 
to complete the titration performed. The contents of the flask were mixed 
and heated to boiling for 2 minutes. Three drops of methylene blue 
indicator were added. Then the titration was completed until the colour 
has completely disappeared. 
Calculation: 
Mg total sugar in 100 ml = Titre
100Factor ×
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Total sugar % = taken.wt.1000
100dilution  Mg/100g
×
××
 
(The factor is obtained from the table of invert sugar).  
 The filtrate can be used directly for titration according to Lane and 
Eynon using the following equation for calculation: 
Reducing sugar % = 
taken.wt.1000
100dilution  Mg/100g
×
××
  
2.2.1.2.7. Titrable acidity: 
 Ten grams of the pulp sample was diluted with distilled water 
(150ml) stirred for 15 minutes, then filtered. Ten ml of the pulp 
preparation was titrated against 0.1N NaOH using phenolphthalein as 
indicator. Total acidity (mg/100g) expressed as citric acid. According to 
Ranganna (1979)  
 Acidity (mg/100g) = 
 vol.titre 1000  sample ofweight 
eq.wt.  100 factor dilution   N(NaOH)  Titre
××
××××   
Where:  
 eq.wt = equivalent weight 
2.2.1.2.8. Carbohydrates  
 According to Pomeran and Meloan (1992). 
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2.3. Results and Discussion: 
The chemical composition of baobab pulp is shown in table (2)  
Chemical composition of baobab pulp 
Table 2.  
 
Constituents (dry basis) Mean 
1. ASH (%) 5.6 
2. protein (%) 3.4 
3. Crude fiber (%) 0.25 
4. Fat (%) 4.1 
5. Moisture (%) 8.23 
6. Total sugar (%) 29.3 
7. reduce sugar (%) 19.8 
8. calcium (%) 0.39 
9. magnesium (%) 0.19 
10. Potasium (%) 0.82 
11. Sodium (%) 0.0032 
12. Ascorbic acid (mg/100g) 355.7 
13. Acidity (gm/100g) 2.6 
14. pH  3.3 
15. Carbohydrate (%)  78.42 
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 Values for ash, crude protein, pH and reduce sugar are in 
agreement with those reported by (Nour et al, 1980). While those for fat 
, moisture content and total sugar are lower. In these results fat content 
was higher than those (0.2%) this may be due to the methods of 
separation of the pulp from seed. Also crude fibre was very low 
compared with those (5.7%) because it was separated by sieves. 
Moisture content was higher than those (6.7%) this may be due to the 
preservation for this sample in a polythelene sachets after the extraction 
directly, but those have collected this sample from Khartoum market 
which may be exposed to some adverse conditions. Baobab pulp is a 
good source of minerals especially calcium and potassium, in this study  
calcium content was found to be very high 0.39% compared with 0.36% 
(Abdelmuti, 1991) and this value was described as relatively high. 
 Also the pulp was found to be rich in ascorbic acid (see also Carr, 
1955, Nicel, 1957; Carr, 1958 and Nour et al., 1980), the amount of 
ascorbic acid in this study was found be 355.7mg/100g where by 
(Eromosel, 1991) was 337mg/110g and (Nour, et al., 1980) was 
300mg/100g. This variance in the results may be due to the different 
methods of pulp extraction applied and the nature of ascorbic acid. 
Thiamin was not measured in this study, but the pulp has been reported 
to be a valuable source of this vitamin Toury et al. (1957) Oliviera 
 56
(1924). The lack and deficiency of these vitamins caused, Scurvy a 
disease caused by lack of vitamin C, Beriberi: a disease caused by 
deficiency of thiamin (vitamin B)(Williams, 1992) .Carbohydrate in this 
study was 78.42% which is high content . Previous study on baobab pulp 
showed that it contained 79.4% carbohydrate (Nour,et al., 1980) . The 
energy available from 100g baobab pulp is 364.1 Kcal compared with 
that from milled sorghum (Durra) which is 330 Kcal reported by 
(Kherri1996). In addition to their nutritional and metabolic function, 
carbohydrate are important as natural sweeteners, govern the rheological   
properties of most foods of plant origin and the involvement of the 
browning reaction is known to improve or impair consume acceptance 
(Danehy and Pigman, 1951). The recommended relative amount of 
carbohydrate  in the diet outlined in the U.S. dietary guidelines for health 
is given in percent of total k calories. To achieve an optimum balance for 
health, these guidelines recommended that 55% to 60% of total k 
calories in the diet should come from carbohydrate foods, with large 
majority as complex carbohydrate, or starch (National Research Council 
1989). 
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CHAPTER THREE  
BAOBAB PULP DRINK 
 The objective of this study is to develop a competitor drink from 
the baobab pulp with good and acceptable characteristics, like taste, 
color, flavor, consistency, after taste and purity.  
3.1. Preparation of sample  
 Five grams of pulp was prepared and weighed, then variable 
volumes of tap water were added, A-100 ml, B-150 ml ,C-200 ml, D-250 
ml and had been shacked for 20 min till the solutions became 
homogenous and put in a centrifuge for 10min at a speed of 2000 R.P.M. 
Centrifuge : NO . F 20 K4/1AND F10/1K4 .Every one from these 
concentrations was treated with three weights of sugar, 25g, 30g, 35g, 
i.e. A1= 25 g,   A2 = 30g, A3 = 35g, …etc and passed through a sieve 
DIN 4188 :NO . 0.1mm. 
3.2. Organoleptic test:  
All the samples described above were subjected for a panel test in 
Food Research Centre to select the best one using Ranking test described 
by (Ihekornye and Negodely, 1985). 
Firstly, the samples were divided into three groups see tables (3, 4, 
5) and the best sample from every group was choosed. These samples 
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were subjected again to panel test, table (6), in order to choose the best 
sample, which represents the abstract of these tests.  
 
Table 3. Organoleptic quality assessment of Gongolaze Drink prepared 
by different techniques-group (A) 
 Sum of ranks* 
Sample taste Colour Flavor consistency 
after 
taste 
Total 
preference 
A1 23a 26a 27a 19a 30a 23a 
B1 26a 30a 30a 27a 25a   26a   
C1 30a 24a 21a 27a 27a  28a   
D1 31a 30a 32a 37b 28a 33a 
a = 19 – 36  b > = 36   
*: Any two sum of ranks having different superscript letter In the same 
column different significantly (P < 0.05). 
In this table sample (A1) was selected, because it has a good total 
preference and consequently regarded as the best sample.      
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Table  4. Organoleptic quality assessment of Gongolaze drink prepared 
by different techniques. Group (B)  
 Sum of ranks 
Samples taste color flavor Consistency After taste 
Total 
preference 
A2 25a 26a 22 a     19 a        26 a 22 a         
B2 22 a   32 a    31 a     19 a 24 a 23 a 
C2 29 a   28 a  28 a     30 a 28 a 27 a 
D2 34 a   24 a 29 a 42b 32 a 38b 
 a = 19 – 36  b > = 36  
 
In this table sample (B2) was selected because there was no significant 
differences between sample A2, B2, also sample B2 has a good taste, 
consistency, after taste and total preference. 
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Table 5. Organoleptic quality assessment of Gongolase drink prepared 
by different techniques. Group (C). 
  
 Some of rank  
Sample taste colour flavor consistency After taste 
Total 
preference 
A3 27a 24a 24a 19a 30 a 27a 
B3 27a 25a 35a 24a 24a 32a 
C3 27a 28a 20a 32a 23a 22a 
D3 24a 33a 31a 35a 28a 29a 
 a = 19 – 36  b > = 36  
 
In this table sample C3 was selected because it has a good preference and C3 
was the best sample.  
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Table 6. Organoleptic quality assessment of Gonglase drink prepared by 
different techniques. Group (D)   
Sum of rank 
Sample taste colour flavor consistency After taste Total preference 
A1 33a 26 a 27a 30a 33a 33a 
B2 26 a 29a 29a 27a 24a 23a 
C3 25 a 29a 28a 27a 27a 28a 
a = 22-34 b = <= 34 
 
In this table judgers have preferred sample B2 as the best sample which 
is suitable for human consumption.  
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3.3. Cost of production of 300 ml product: 
a. pulp powder. 
80 g                 150 Dinar 
10 g                 x 
x = 80
10150×
 = 18.75 Dinar 
b. sugar:  
1000g                 180 Dinar 
60 g                     x 
x = 
1000
18060×
 = 10.80 Dinar 
 
18.75 + 10.80 = 29.55 
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CHAPTER FOUR 
BAOBAB PULP CONCENTRATION 
 
4.1. Materials and Methods 
4.1.1. Preparation of samples    
In this study three concentrations were made, the first sample was 
prepared without processing (8 Brix) =A, only baobab pulp was diluted 
with tap water. Every 500g pulp powder was diluted with 4 liter tap 
water. The second and third samples (15 Brix) = B. And (17 Brix) = C. 
were concentrated with flash evaporator at a temperature between (60- 
80ºC). Under vacuum the needed time was between one hour for B and 
two hours for C, the length of time needed to achieve the required 
concentration depends on the applied temperature of evaporation and 
concentration. The objective of this study is to determine a suitable 
degree and quality of concentration for industrial purposes and to 
determine the effect of processing on nutritional value.  
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4.1.2. Methods: 
4.1.2.1. pH was measured using Analoge pH meter . WPA. 
4.1.2.2. Colour was measured using Lovibond Tintometer. Solis Bury. 
England  9487. 
4.1.2.3. Acidity (see chapter tow No. 2.2.1.2.6). 
4.1.2.4. Viscosity was measured using Viscometer . Type : 000. 2250. 
NR: 840133. Germany. 
4.1.2.5. Total and reduce sugar (see chapter two No. 2.2.1.2.5). 
4.1.2.6. Total soluble solids was measured using hand Refractometer it 
was expressed as Brix (0-50)(A.O.A.C,1984). 
4.1.2.7. Ascorbic acid (see chapter two No. 2.2.1.2.4). 
4.2. Statistical methods: 
 The experiment was designed using block complete randomized 
designed. The resultant data from the entire study were statistically 
analyzed using the analysis of variance for 5% level (Gomez and 
Gomez, 1984).         
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4.3. Results and discussion: 
 
 
 
 
 
Table 7. Chemical composition of concentrate (A)    
constituent Mean 
pH 2.55 
colour 22.2- 3.8 
Acidity (mg/100g) 0.1536 
Viscosity     CP 18 
Total sugar % 7.3078 
Reduce sugar % 3.419 
Ascorbic acid10(mg/100g) 267.75 
Total soluble solids % 8 
 
CP = (centipoises) 
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Table 8. Chemical composition of concentrate (B) 
Constituent Mean 
pH 2.75 
Colour 84.5-3.9 
Acidity(mg/100g) 0.3072 
Viscosity      CP 120 
Total sugar % 7.6203 
Reduce sugar % 3.8091 
Ascorbic acid(mg/100g 561 
Total soluble solids % 15 
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Table 9. Chemical Composition of Concentrate (C). 
constituent Mean 
pH 2.9 
Colour 96.8-4.6 
Acidity (mg/100g) 0.3648 
Viscosity CP 135 
Total sugar % 8.2257 
Reduce sugar   % 4.1773 
Ascorbic acid (mg/100g) 476 
Total soluble solids   %  17 
 
Results obtained showed that, total and reduce sugar, acidity, 
viscosity, colour, total soluble solids and pH were all increasing in their 
values.  
Ascorbic acid firstly increased by increasing of the concentration 
(A to B), but after certain level it decreased when the concentration was 
more increased(sample C). This may be attributed to the heat stress due 
to the use of more heat in order to raise the concentration. 
This product was found to be very rich in the typical flavour of 
baobab fruit and it was not affected with the processing conditions. Also 
the texture was very good. 
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The statistical analysis for these results showed highly 
significantly change in acidity, total sugar, reduce sugar and viscosity, 
but, pH and ascorbic acid showed no significant changes.  
From these results baobab pulp concentration can be manufactured 
to be used in many types of food processes.  
The results of viscosity was needed only for comparison between 
different concentrations, it was very difficult to get an accurate measure 
of viscosity because the used viscometer contain no calculation factor. 
Colour was measured by loviband as yellow and red colour, but the 
yellow colour was more intensive. 
pH and acidity values showed that the product was acidic, and 
(Airan and Desai, 1954) have shown this to be due to the presence of the 
organic acids citric, tartaric, malic, succinic and ascorbic. This acidity 
can progress the preservation of these concentrates during storage. 
Total and reduce sugar were lower than expected, this may be due 
to the excessive dilution of the product, but, this needs further study. 
Lastly, these studied concentrations can be recommended for soft 
drink or jams making, a previous study for making soft drink from 
baobab pulp was recommended the concentration between 10-18. brix as 
a suitable concentration.   
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CHAPTER FIVE 
BAOBAB PULP JAM  
 
5.1. Introduction 
Jam from baobab pulp was investigated after many remedial 
actions and trials were done in order to restore the production, and 
finally basic recipe for manufacture was determined to make a good 
product of jam. 
The parameters used in this study was total soluble solids, pH , sugar , 
acidity, ascorbic acid and concentration of baobab pulp juice . 
The jam was naturally made without any additives like acid, colour, 
flavor, and other fruits, it was made only from baobab pulp juice, pectine 
and sugar. 
This product had been found highly acceptable from the panelists, also 
baobab pulp has a promising future in jam making. Nevertheless to make 
jam out of baobab pulp there will be an increase of the total soluble 
solids and addition of sugar and pectin, this will add to the nutritive 
value and the delicious taste of baobab pulp. 
 70
5.2. The Specifications of Raw Material (baobab pulp powder) 
a. Uniform white colour  
b. Reasonably firm texture  
c. Any foreign material must be removed from the pulp 
powder 
d. Full flavor by preserving the powder from the light 
and high temperature during extraction and storage . 
e. The pulp powder must be natural without any additives or 
preservatives. 
f. Fresh fruits are preferred than the stored ones. 
g. The pulp should reach the maturity stage. 
5.3. Preparation of sample (baobab juice): 
A limited amount of baobab pulp powder was weighed and 
mixed with water, then was stirred till all the pulp powder was solved 
and the total soluble solid was recorded. 
This prepared sample should certainly not be left over night to 
protect the product from the inversion through enzyme activity. 
Sugar and pectin was purchased from retailer in the local market 
with fairly good specifications like purity, colour and original. 
Baobab pulp was brought from a factory specialized in extracting 
pulp by a special machine designed for this purpose. 
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5.4. The processing:  
? Sugar and pulp juice or concentrate was mixed, this mixture 
was stirred carefully, and were put in stainless steel in order to 
boil. 
Boiling was continued until the total soluble solids reached 64% 
this was estimated by hand refractometer.  
? At this level of total soluble solids (64%) pectin was added mixed 
with hot water while stirring there using of cold water without stirring 
results in grainly product. Pectin was added in this time to reduce the 
heat stress.(diassocation methoxyl groups), skimming was continued in 
order to remove the coagulating material , the used temperature was 
about 106ºC. 
? The boiling was continued and the concentration was checked 
from time to time. When the end total soluble solids was 
approached, the boiling was stopped and the jam was cooled to 
about 85-90C. And Wass Filled into jars. 
5.5. Organoleptic test:  
All the samples (No. 1, 2 and 3) were subjected to panel test 
which was carried out in the lab of the Department of Food Science and 
Technology, Faculty of Agriculture, University of Khartoum. Using 
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Ranking type of panel test. The participants in this test were asked to 
rank the samples from the best to the bad ones according to 
characteristics such as flavor, colour, taste, after taste, total preference 
and texture. Numerical values were assigned to the results. Results 
were evaluated statistically by consulting tables presented by Kramer et 
al (1974). The processed jam product was found highly acceptable 
through the judges. 
5.6. Methods: 
a. pH was measured using Analoge pH-meter .WPA. 
b. Acidity (see chapter two No. 2.2.1.2.6) 
c. Total soluble solids was measured using hand refractometer 
Brix (50-100%) for jam and brix (0-50%) for juice concentration. 
d. Reduce sugar (see chapter two No. 2.2.1.2.5). 
e. Ascorbic acid (see chapter two, No. 2.2.1.2.4). 
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5.7. Results and Discussion: 
 
 
 
 
Table 10. Oraganoliptic quality assessment of Tabaldi jam prepared by  
               different techniques.   
Samples Taste Colour Texture After taste Total preferences 
A 16a 18a 17a 21b 17a 
B 18a 16a 14a 15a 15a 
C  26b 26b 29b 24b 28b 
 
a < 20  b = 20 – 40    
 
 
 
 74
 
 
 
 
Table 11. Chemical composition of baobab pulp jam No. 1.  
Constituents Means 
1-  pH 3.15 
2-  Total soluble solids % 7.3 
3-  Reduce sugar % 31.3 
4-Acidity (mg/100g) 0.1216 
5- Ascorbic acid (mg/100g)                10.8 
6-  Concentration of juice  % 10 
 
The amount of pectin added was 10g pectin/100 ml fruit juice            
 
This table showed the lowest amount of baobab powder (concentrate) which 
is capable of manufacturing a jam of good quality. Also it showed the most 
suitable amount of total soluble solids to produce jam of low cost out of 
baobab pulp. 
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Table 12. Chemical composition of baobab pulp jam No. 2. 
Constituent Mean 
1- pH 3.1 
2- Total soluble solids % 69 
3- Reduce sugar % 25.2 
4- Acidity(mg/100g) 0.2133 
5- Ascorbic acid(mg/100) 18.2083 
6- Concentration of juice  % 11 
 
The amount of pectin added was 12 g pectin/1000 ml fruit juice  
This table showed the normal concentration of jam and the lowest amount of 
baobab pulp juice (concentrate) needed to manufacture jam of good quality. 
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Table 13. Chemical composition of baobab pulp jam No. 3. 
Constituent Mean 
1- pH 3 
2- Total soluble solids % 69 
3- Reduce sugar % 37.69 
4- Acidity(mg/100g) o.1664 
5- Ascorbic acid (mg/100g) 20 
6- concentration of juice % 14 
 
The amount of pectin added was 10g pectin/1000 ml fruit juice. 
This table showed the normal concentration of jam and the highest 
amount of baobab pulp juice (concentrate) needed to manufacture jam of 
good quality. 
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Table 14. Chemical composition of baobab pulp jam No. 4. 
 
Constituent Mean 
1- pH 3.07 
2- Total soluble solids % 75 
3- Reduce sugar % 25.2 
4- Acidity(mg/100g) o.1472 
5- Ascorbic acid (mg/100g) 26.0417 
6- Concentration of juice % 11 
 
Without Pectin. 
This table showed the lowest total soluble solids of jam and the lowest 
amount of baobab pulp juice concentrate to produce jam with out adding 
pectin. 
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5.7.1. The effect of pectin  
Baobab pulp is rich in pectin which amount to 56% (Nour et al., 
1980), which was found to have a low methoxyl content therefore had a 
low degree of esterification.  
In this study commercial pectin was used in different amounts, it 
was found that the pectin had obvious effect in the pH value which was 
very important during the course of this study, also the pectin has its 
effect in the texture of jam, there increasing of pectin proportion obtain 
various texture, although the other ingredients were not changed.   
5.7.2. The effect of acid: 
Although acid was not used in this study but the value of pH and 
content of acidity in this product has secured good results dependant on 
the literature review. Above all the effect of acid was represented in the 
gel formation which is usually possible only between pH 2.6-3.5. In this 
study the pH value was found to be between 3-3.15. It is known that the 
optimum value of pH is between 3-3.4 this means that the baobab pulp is 
suitable for making jams. 
This natural range of pH value of baobab pulp insure that any 
defects which may happen during the period of storage like, spoilage and 
crystallization are only due to incorrect manufacturing procedures and 
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bad quality ingredients. The statistical analysis showed no significant 
changes in pH values and in acidity contents. 
5.7.3. The effect of juice concentration: 
In this study many baobab pulp concentrations were used. These 
were prepared with great care, increasing the concentration has its effect 
on color and pH when the degree of concentration was more than 
needed, this has its adverse effect on the process of jam–making, hence 
the concentration of the juice must be adjusted in the suitable range for 
jam manufacturing not less or more because any deviation has its 
negative effect on the final product.  
 Baobab pulp juice prepared for making jam was obtained in a 
wide range of concentrations, this call for more intensive research to 
adjust the most suitable concentration and this is an obvious indication 
that baobab pulp is one of the best sources which can be utilized in jam 
manufacture.   
5.7.4. Sugar Effect:  
Sugar content in baobab pulp was found to be high compared to 
other raw materials used in jam making so the amount of added sugar to 
manufacture jam from baobab pulp must be lower than that normally 
added to other fruits, this was applied in this study. 
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The effect of sugar was reflected in the total soluble solids which 
mainly depend on the sugar content, also the sugar can affect the pH 
value, hence, the amount of sugar added during jam making must be in 
the valid range. 
The important effect of sugar was represented in the phenomena 
of sugar inversion, a final invert sugar or reduce sugar contents of some 
25-40% gives a stable preserve during the period of storage dependant 
on the type of jam and its soluble solids content this range was in agree 
with the results obtained in this study. 
5.7.5. Jam Without Added Pectin: 
As previously mentioned, baobab pulp found to be rich in pectin 
and this pectin was found to have a low methoxyl content. This high 
pectin content enable people in rural areas to produce jam from baobab 
juices without the addition of pectin, which is difficult to find in such 
rural areas. 
Although this product quality wise was not good as the other jams 
produced during the course of this study but, it was preferred by the 
panelists. 
The analysis of this jam gave promising results especially for pH value, 
ascorbic acid and reduce sugar. 
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CHAPTER SIX 
CONCLUSIONS AND RECOMMENDATIONS 
 
6.1. Conclusions 
The study of the industrial and nutritional utilization of baobab 
pulp have confirmed the followings: 
1. The best product obtained from the processing of baobab pulp was 
jam. 
2. The results obtained showed that baobab pulp was a good source 
of ascorbic acid, sugars and minerals. 
3. The daily recommended amount of vitamin C can be obtained 
from 17.7g of baobab pulp powder. 
4. The concentration of baobab pulp revealed respectable results and 
has proved the capability of baobab pulp to produce concentrate. 
5. The drink prepared from baobab pulp was found to be highly 
preferable and has low cost of production. 
6. The baobab pulp extracted mechanically showed best qualities 
throughout the course of this research work. 
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6.2. Recommendations 
 
1. To define the stability and validity date of these products 
during the period of storage. 
2. Further study needs to determine the additives which may be 
used to improve these products, these additives like, flavor, colors, 
stabilizers and antioxidants. 
3. Studies to identify the reason for the brown colour formed 
when the baobab pulp was heated. 
4. The extract must be divided into stages and every stage should 
be examined to check their properties.  
5. To determine the pectin content during mature, ripen and over 
ripen  fruits, because many changes occur in fruits during these stages. 
6. To encourage the research on baobab seeds and capsules 
which can assist in decreasing the cost of pulp and also for their nutritive 
value. 
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Appendix 
 
? Test for vitamin C 
 
This test should be carried out in an area away from food 
preparation. This test uses a blue chemical called 2 – 6 dichloropghenol 
indo phenole (DCPIP). After grains of DCPIP powder dissolved in ¼ 
beaker cold water (this solution can not keep well so it is better if freshly 
made and kept away from strong sun light). 
 
Foods to test are: 
Lemonade Orange juice 
Milk Lemon juice 
Orange squash Water 
Canned fruit juice Vegetable cocking water 
  
Test tubes (one for each food)  Dropper pipette 
Test tube rack, if available  
    
1. Quarter fill each test tube with a different food drink. Each 
tube should contain approximately the same amount.  
2. Add drops of blue solution one at a time to each tube of food 
in turn. As the blue (DCPIP), was added reacts with the vitamin c and 
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becomes colourless. When all the vitamin c used up, the liquid in the 
tube will look blue. 
3. Keep a careful note of the number of drops needed for each 
food. If the colour does not change after 25 drops then stop and put 25+ 
as your result. Count the drops added before the blue colour develops. 
Shake the tubes gently to mix.  
4. Write out this table of results into a book or folder testing for 
vitamin C. 
Food drink Number of drops  
of DCPIP needed  
for Blue colour 
Is this a good  
Source of vitamin C ? 
       
5. Remember if there is little vitamin c in the food or drink 
you will only need a little DCPIP. Food with a lot of vitamin c 
needs more DCPIP before the blue colour develops. 
 
Warning –DCPIP is poisonous so do not taste these foods. (Barbara 
,1987) 
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? The methods of convertation of vitamin C 
into daily recommendation. 
Using the average of vitamin c content of baobab pulp, for 
example (Z mg/100g). The daily recommended dose of vitamin C, for 
example (Ymg). So we can convert this average in to daily 
recommended amounts like this: 
Z mg   100 g 
Y mg   X g 
(X g )  = 
mgZ
gmgY 100×   
Example:  
If the average of baobab pulp content    = 355.7 mg/100g 
And the daily recommended for healthy person = 65mg 
355.7 mg   100 g 
65 mg   X g 
X g  = 
mg
gmg
7.355
10065 ×      =18.27 g/day. 
(Sauberlich , 1994). 
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? Measurement of energy:  
 Unit of measurement: Kilocalorie. In common usage the word 
calorie refer to the amount of energy in foods or expended in physical 
actions. In human nutrition, however, the term kilocalorie (1,000 
calories) is used to designate the large calorie unit used in nutritional 
science to avoid dealing with such large numbers. These units of 
measurement related to heat production. A kilocalorie, abbreviated as 
kcalorie or kcal , is the amount of heat required to raise 1 kg of water 1º 
centigrade (C). The international unit of measurement for energy is joule 
(J). The conversation factor for changing kilocalories (kcal) to kilojoules 
(kJ) is 4.184. Thus, 1 kcal equals 4.184 kJ.  
Food energy: fuel factors: The three energy nutrients carbohydrate and 
fat, with protein as a backup have basic fuel factors. Beverage alcohol, 
from fermented grains and fruits, also adds fuel. These factors reflect 
their relative fuel densities: (1) carbohydrate–4 kcal/g; (2) fat–9 kcal/g; 
(3);  protein–4 kcal/g and (4) alcohol–7 kcal/g (Williams, 1992). 
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